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(3) Acoustictransducers. 

G>) An ooouatic transducer, such as a headphone 2, com- 
^isesa housing with a vent 16for 

the housing. The vent is dimensioned to m , in tained 
flow of the fluid medium through the vent 16 is 
throuohoutthe working range ofthednve unrtUof th^trans 
ducer so that the ampl'itude response and pho» ° 
the transducer are substantially invariant throughout the 
working range of the drive unit 14. 
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ACOUSTIC 



TRANSDUCERS 



The present invention rel*i- D * 4- 

n reIates to acoustic 

transducers. 

There are many Rinds of acougtic ^ 

for example, loudspeakers ea ™v> ' 
. . u PeaJcers, earphones, microphones, 

hydrophones or underwater sound generators. 

an increase in interest in , Ult ° f 

-lectroacoustic systems there is 

an increase demand for acoustic transducers, _ ^ 
PamCUlar tD which are aco ustically CQ " 

the human ear, which exhiM, • P ^ t0 

" "^"^ PhaSe - S ^-e 
over a wi de range of drive levels Ph» 
define , iS ' Pnase response i s 

defined as the phase change between th 

atthp ,. u 9 b6tween the transducer output 

at the diaphragm and the applied sionsl 

Slgnal a 9^inst frequency. 
Acoustic transducers a l crt v.. 

which in c „ 6 U amplitude response 

h-h, m SOund producing acQustic 

sound pressure level that the drive unit in th t 

f —hen a drive voltage , T^Z 

frequency. However = * "against 

ovever, acoustic transducers e v hibif 
relationship between th « „ h ' * Caasal 

th „ , . Ph "' " Sponse "e shape of 

he a , response _ ^ earphoMs _ ^ 

ITT reSP ° nSe " P-ottionai to 

' 3 " lnVarl * nt ~— • -ape. ^ no „_ 

7' a " PlitU " "~ - — ■ U Patticuiari/ 

Mal1 ' ^" " — o^on »„e„ 

conditions prevail, . 
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It is an object of the present invention to provide an 
acoustic transducer having an invariant phase response and 
an invariant amplitude response shape. 

A cco rf insl y , i- Prided an acoustic . transducer 

for use in a bulk of a fluid medium, the transducer 
comprising a housing defining a cavity containing the fluid 
medium, a drive unit mounted in the housing, and vent means 
providing a lea* path, for venting the fluid median, from 
th e cavity, dimensioned for maintaining a substantially 
laminar flow of the fluid medium through the vent means 
throughout the irking xarvge of the drive unit such that 
the amplitude response shape and the phase response of the 
transducer are substantially invariant throughout the 
working range of the drive unit. 

The housing may define a further cavity containing the 
fiuia .ediu, ana has a wall common to both cavities and the 
arive unit is mounted on the wall common to both cavities. 

The vent means may provide a leak path from either one 
or both of the cavities to the bulk of the fluid medium or 
ra ay provide a leak path between the two cavities or any 
combination 

thereof. 

The vent means may be located on the wall of the 
housing common to both cavities. 

The vent means may comprise a plurality of holes. 

The vent means may comprise c sinsl* hole containing a 
fibrous material to provide a plurality of lea* path, 
through the vent means. - . - 
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The fibrous material may comprise ^ ^ 
glass, rae tal, or plastics material. 

The vent means may comprise a plurality of holes 
etched in a plate of photosensitive . 

The photosensitive material may comprise g l ass 
The hdes mav be fo rme d in a .istrihutea manner arouna 
the h ouslng ae fini n g the ca Vity Qr close t0gether ^ 
Particular location of the cavity. 

The acoustic transducer ^ comprise a ioudspeaker 

earphone, microbe, hydrophone, or unde r W ater sound 
generators. 

Tha present invention win now be aescribeo. by way of 
Zb refere " Ce " aC °°™ 9 

Fi9U " 1 = 5 «pn tte an|putude 

r J 11,9 3 Ver " h ° le f ™ «» *™ cavi ty to elther ^ 
laminar in an earphone; 

i-tT* 2 1Uustrates a 9raph showin9 - — - - 

various drive levels; 

»*u« 3 111UStrates . g „ ph sho „ lng m . ^ ^ 

P^e response of an earphone o£ k _ design ^ ^ 
drive levels; and 

" 9U « S 4 ena S ilaustrat e a s ,„.„. tIo „ oaa - sectlonal 
«—of a „ aarphone in accord „ ce uith pMsent 
invention - 
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herring to Figure 1. It i. *nown « P-" de a leat 

The effect of the lea* hole is to »U off the lo- 

.reguency response of the earphone, en increase in the lee, 
hole sise oeusing e decrease in the sensitivity of the 
. „ M » low -1— ■ *» 1 " 

ulll cause the low frequency response of the transducer to , 
change fro. that shown in response X to that shown in 
response B- The sain reason for providing the lea* hole r, 
to allow for ambient pressure changes. 

Fr o m Figure 2 it can be seen that the earphone does 
„ ot exhibit an invariant edited, response shape as the 
anp lltuae response at low fluencies with an applied drrv. 
le ,el of 4V differs fron, that obtained for aPPli-a dnve 
levels of iV, IV and 2V. 

». low frequency phase response of an earphone rs 
aeteruinea by the acoustic lea* in the earphone cavities. 
» particular leas hole size is reguired to achieve s 
aesired low freguency Phase response but this aesired phase 
.espouse will only be invariant for drive levels up to a 
certain critical value, as shown in Figure 3. 

herring to Figures 4 and 5. an acoustic transducer 
in the for, of an earphone 2 comprises a housing -hich 

aarshell 4. The earshell 4 has a cushion i fried 
forms an earsnen 

peripherally at the opeo sod thereof such that when the 
earphone » is worn by a user the earshell 4. in conjunction 
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with a c «u ti o„ a Mlm . £cont „ vlty lo ^ a ^ 

* drl ' e " *• ~° on th. partition s 

an, „ay be connected to a drive level signal 

The earshell . is proves with ve „ t „. ans vhlch _ ^ 
the -Wl«t shown in Pigute < comprtses a piuraiity q£ 
holes 16, and in ^ e „ boai „. nl o£ = ^ 

hole is containing a pie, 20 of fibrous material. 

The vent means provides , leakaga ^ ^ ^ 

-ediua contained within the front cavity 10 to a bul* o£ 
the flBld „ hlch surrounds ^ as(tarior o£ ^ ^ 

When an electrical signal is applied to , ■ 

ppiiea to the drive unit 
« dxaphrags, (not shown, is caused to vibrate at a 
frequency corr.sp on d ing to the eiectric.l slgnal . ^ 
vibration of the ai.phrag, causes sound to be generated in 
the f ! Ui d Mio « contained in the front and rear cavities 
10 and 1 2 . ra e sound generated i„ the front cavity 10 wlll 

cause a pressure difference between *h« 

Between the fluid medium in the 

to the earshell 4 which produces a flow of the fluid .ediuo 

through the holes 16 or 18. 

in developing the earphone of the present invention it 
«. determined that in k „ 0 „„ aa r phon e designs the fluid 
flow through the lea, hole is l aminar at low drive levels 
but at higher drive levels the fluid fl o„ beco-es 
turbulent, resulting i„ , g « at „ ^ ^ ^ ^ 

fluid through the leas hoi. and a variant phase response 
for the earphone, that is. the phase response cha^os Bit „ 
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drive level when the fluid flow in the leal, hole is 
turbulent . 

The earphone of the present invention, as shown in 
Figures 4 and 5 has the vent means dimensioned to permit 
substantially laminar flow of the fluid medium, fn» the 
£r ont .avity 10 through the holes 16 and 18 throughout the 
working range of the drive unit 14; that is , up to the 
maximum drive level o£ the drive unit 14. Hence, the 
earphone 2 can be designed to have a required low frequency 
amplitude response shape ana an invariant phase response up 
to the highest sound pressure level that the earphone can 
generate. 

Tnis is achieved by replacing the single leak hole in 
fcnown designs with vent means in the form of a plurality of 
holes that are either lon 9 er in effective length than the 
single leak hole or have smaller radii, or both. This 
permits the flow of fluid medium to remain sub.tantially 
laminar with a larger pressure difference across the holes. 
The vent means may be fabricated either by providing a 
plurality cf-holes 16 in the earshell, as shown in Figure 
4/ or by the use of a single hole 18 containing a plug 20 
of material which allows a multiplicity of long thin fluid 
paths to be formed in the single hole 18 as shown in figure 
5. Suitable materials for the plug 20 are, for example, 
vool, glass or wire wool, sintered glass, metal or plastics 
material. alternatively the holes may be fabricated by 
etching hole, i» a photosensitive material. m ' 

which may form a panel in the earshell 4. 
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™ r any cylindrieal hole siz6 ana souna 

fundamental fluid „„„ ^ Pressure, 

fluid flow theory may be applied to dee 
Whether the U « o£ th . £ P ««t«»xne 

- !-.»., or turhelon, h """^ ^ "» 

— flow ooours if " theUSe ° £E — -nditio, 

^ynolds' Number .. „, 
4^ 2 L ^ a constant) ti; 

-*•» r is the radius of hole 

P is the pressure differenoe across the hole 
1 « the visoosity of the fluid mediu „, 
l is the length of the hole 
™° f> is the density of the fiuid 

=f a 7ZT 1 *:' condition u cm * se - - - «- 

pre s difT 0 " " 66 la " ln " - * ' 

^ h — - -luefor the pressure 
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If it is determined that, for given parameters, the 
flow of fluid in the hole is turbulent, the dimension of 
the hole can be changed either to be longer in length, or 
have a smaller radius, or both, such that laminar flow of 
the fluid in the hole is maintaised. 

However, as a result of changing the dimensions of the 
hole to satisfy Reynolds' Condition the volume rate of the 
fluid medium leaking from the cavity will be reduced, 
resulting in a different phase response. 

The volume rate of the fluid flow (V) through a 
cylindrical hole obeys Poiseui lie's Law, whereby 



(ii) 



where the letters represent the same parameters as those 
used in equation (i). Therefore, it can be seen from 
equation (ii) that to maintain the same fluid throughput 
more holes can be used which are either longer in length or 
have smaller radii or both. 

By applying equations (i) and (ii) above the holes can 
be designed to have dimensions which provide the earphone 
with a phase response which is invariant up to the maximum 
drive level of the drive unit in the earphone as laminar 
flow of the fluid medium from the cavity 10 through the 
holes 16 or 18 can be maintained up to the maximum sound 
pressure level that the earphone is able to genera*©- 
It is important to realise Sbat, as an earphone 
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utiXisin. thl . in „„ tio „ „ lu exMMt ^ invari ^ t 

reSPOBSt ™ Pl±tUae -»P. thro^noot ils 

»orKi ng ra„ ga , t „e distortlon proaocea ^ 

low ft^U. vtxx te nuC h !„„« ta ourre „ t 

earphones: current _ phone ^ 

responses „ hich are dri „. lavei ^ nasnt ^ high ^ 

^ llnear »~ rx- to 

hxgh levels of distortion. 

,x though „ prasent inv „„ tion hM ^ 

e£ermCe t0 - P»«ic„lar e-bodi.ent, it i5 to be 
understood that ^ diflcations _ ^ a£feotea 

-ope o £ t„e For the present 

«r oo„ Pri « , ny typa o£ dcive in d ^ ign ^ 
acoustic transducer whic „ has only a £rQnt ^ 
and — XXuid Xea*s .„ ta introduced _ purther 
at h o ugh he vent me _ hM shoM ^ 

-ai» surrounding tha aar5heU _ the foraing ^ 

-«n. »a y connect either tte front ^ ^ 
*~ e„e rront or raar cavltiK „ to tfte of 
or „ y cognation. acoMtio 

loudspsefcer,. aarphones , mioropho „ e5 _ hydrophonaa ana 
underwater sound generators. 
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CLAIMS 



1. An acoustic transducer for use in a bulk of a fluid 
medium, the transducer comprising a housing defining a 
cavity (12) containing the fluid medium, a drive unit 
(14) mounted in the housing, and vent means (16, 18) 
providing a leak path, for venting the fluid medium from 
the cavity, characterised in that the vent means (16, 18) 
is dimensioned for maintaining a substantially laminar flow 
of the fluid medium through the vent means (16, 18) 
throughout the working range of the drive unit (14) such 
that the amplitude response shape and the phase response of 
the transducer are substantially invariant throughout the 
working range of the drive unit. 

2. An acoustic transducer according to claim 1 
characterised in that the housing defines first and further 
cavities (10, 12) containing the fluid medium and the drive 
unit (14) is mounted on a wall (8) common to both 
cavities (10, 12). 

3. An acoustic transducer according to claim 2 
characterised in that the vent means (16, 18) is arranged 
to provide a leak path from either one or both of the 
cavities (10, 12) to the bulk of the fluid medium. 
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4. An acoustic transducer according to claim 2 
characterised in that the vent means (16, 18) is arranged 
to provide a leak path between the first and the further 
cavities (10, 12). 

5. An acoustic transducer according to claim 4 
characterised in that the vent means (16, 18) is arranged 
in the wall (8) of the housing common to both cavities 
(10, 12). 

6- An acoustic transducer according to any one of claims 
1 to 5 characterised in that the vent means (16) comprises 
a plurality of holes dimensioned for maintaining a 
substantially laminar flow of the fluid medium 
therethrough . 

7. An acoustic transducer according to any one of claims 
1 to 5 characterised in that the vent means (18) comprises 
a single hole (18) containing a fibrous material (20) to 
provide a plurality of leak p aths through the vent means 
(18) arranged for maintaining a substantially laminar flow 
of the fluid medium therethrough. 

8. An acoustic transducer according to claim 7 
characterised in that the fibrous material (20) comprises 
wool. 
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9. An acoustic transducer according to claim 7 
characterised in that the fibrous material (20) comprises 
sintered glass, metal or plastics material. 

10. An acoustic transducer according to claim 6 
characterised in that the vent means (16) comprises a plate 
of photosensitive material having a plurality of holes 
etched therein. 

11. An acoustic transducer according to claim 10 
characterised in that the photosensitive material comprises 
glass. 

12. An acoustic transducer according to claim 6 
characterised in that the plurality of holes are formed in 
a distributed manner around the housing. 
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Fig J. 
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Fig. 2. 
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Fig. 3. 
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